The initial micro-crack density of a chromium coating/steel substrate with and without laser pre-quenching treatment was investigated in this work. It was found the micro-crack density of Cr coating on the pre-quenched substrate surface was much lower than that of the Cr coating on the original substrate surface. Based on the results presented in this work and in the literature, the find presented in this work indicates the lower crack density of the chromium coating on the pre-quenched substrate may improve the mechanical properties of this material system, and it may be an important mechanism responsible for the prolonged lives of workpieces in practice.
Electroplated chromium coatings have been widely used on engineering parts and composites such as piston rings, work rolls, aircraft landing gear and barrels of gun/cannon tubes etc. due to their high hardness, excellent wear and corrosion resistance, high melting point and low coefficient of friction [1] [2] [3] . However, under the severe service conditions such as thermal fatigue loading, gas erosion and severe stressing, cracking is usually caused at the coating or the substrate/chromium interface, which will result in the spallation of the chromium coatings from the substrate [4, 5] . The spallation of the coating from the substrate means the failure of the coating-substrate system to a certain extent. With more and more severe operating conditions, the single traditional chromium plating cannot meet the practical requests. In order to satisfy the practical requests, a novel technology of laser pre-quenching of steel substrate surface prior to plating the Cr coating has been presented [6, 7] . This technology can greatly improve the bearing capability of the Cr coating/steel substrate system in practical conditions, as stated in Ref. [7, 8] . Some mechanisms responsible for the improvement have been reported, such as the hardness improvement of the steel substrate surface [8] , the finer microstructure of the interface as well as the coating itself [7] and the decrease of the crack driving force in the hardened layer by residual compressive stress and yield strength improvement by the technology [9] [10] [11] . In this work, a comparative investigation on the initial micro-crack density of the Cr coating on the laser pre-quenched steel substrate surface and original steel substrate surface is investigated.
The substrate material was 30CrNi2MoV (AISI 3034) steel (main chemical ingredients: 0.28C, 0.7Cr, 2.27Ni, 0.20 Mo, 0.21V, all in wt. %). The steel plate 99mm×16.5mm×5mm was quenched using a continuous CO 2 laser with beam power 600W, beam diameter 5 mm and beam scanning velocity 10 mm/s. The beam interval between two laser tracks is large enough so that the interaction between the neighboring tracks can be ignored. Their laser-quenched surfaces were mechanically ground and polished. The Cr coatings composed of low-contraction (LC) and high-contraction (HC) Cr were prepared by the commercial electroplating processing of the practical chromium-coated parts. The LC-Cr layer about 20µm thick was pre-deposited as an interlayer with the commercial plating bath of chromic acid (250 gl −1 ) and sulfuric acid (2.5 gl −1 ), at a temperature of 85 °C and a current density of 60 A/dm 2 . The HC-Cr plate approximately 110µm thick was deposited at a lower bath temperature and a lower current density.
The dimension of the specimens is designed to be 6mm×5mm×5mm. The representative optical microscopes of the cross section of the two types of the specimens are shown in Fig.1 (a) and (b) . The initial representative optical microscopes of the cross-section of the two types of specimens are shown in Fig. 2(a) and (b) . The crack density is often defined as the number of the cracks per unit distance [12] [13] [14] [15] [16] . It was found that the cracking of the coating initiated at critical strain, and then the number of the cracks of the coating per unit axial distance increased with the increase of the tensile strain [12] [13] [14] [15] [16] . At another critical strain, the crack density (the number of the cracks) of the coating became saturated, i.e. the number of cracks per unit axial distance became a constant after this critical strain [12] [13] [14] [15] [16] . Although the number of the cracks remained constant after the critical strain, the crack length or (and) width would increase with the increase of the tensile strain in order to accommodate the applied strain [12] [13] [14] [15] [16] . So, a more suitable parameter to characterize the crack density should be presented. In this work, a novel parameter involving the number of the cracks, the crack length and the crack width for characterization of the crack density of the coating is presented as (
Where ε is the crack density of the coating, is the area of the coating, is the number of the cracks of the coating, is the crack length, and is the average crack width. All the parameters can be measured using the optical microscope.
Using the optical microscope and the Eq. (1), the average crack density of the Cr coating on the pre-quenched substrate surface is 3.2×10 -2 , and the average crack density of the Cr coating on the original substrate surface is 4.60×10 -2 . The decrease rate of the crack density is significant, and it can be 30.4%.
Since the technology of the laser pre-quenching of steel substrate surface prior to the chromium coating deposition can improve the load-bearing capacity of the material system [7, 8] , the decrease of the crack density of Cr coating resulting from this technology may improve the mechanical properties of this material system, and it may be an important mechanism responsible for the prolonged lives of workpieces in practice
The micro-crack density of Cr coating deposited on the laser pre-quenched steel substrate surface is much lower than that of the Cr coating deposited on the original steel substrate surface. Based on the results presented in this work and in the literature, the lower crack density of the chromium coating on the pre-quenched steel substrate may improve the mechanical properties of this material system, and it may be an important mechanism responsible for the improvement of the load-bearing capacity of the chromium coating/steel substrate system in practice.
